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New proteins

Gene transfer Targeted nucleases

Exciting times!

Drugs

Stem cells

Peptide nucleic acid
tRNA enzymes

mtDNA



Brain. 2016 Jun; 139(6): 1633–1648.



ClinicalTrials.gov, September 2017
Interventional Studies | Mitochondrial Disease | Phase 2: 15 active studies



What about now!



What is a treatment?



Anything that improves quality of life



Overview

• Pharmacological agents, vitamins and related
substances
– Underlying disease versus symptoms

– Specific treatable clinical syndromes

• Exercise and dietary modification• Exercise and dietary modification

• Health surveillance and monitoring

• Emergency plans and acute management



Pharmacological agents, vitamins and
related substancesrelated substances



CoQ10

L-Arginine/Citrulline

Succinate Idebenone

Riboflavin

Vitamins, cofactors and food supplements

-lipoic acid

Vitamin C/E

Folate/Folinic acid

Creatine

Thiamine

Carnitine



Pharmacological agents and vitamins

Treatment for mitochondrial disorders (2012)
• 1335 abstracts (1966-2012)

• 12 trials well designed:
– Coenzyme Q10– Coenzyme Q10

– Creatine

– Creatine/Q10/lipoic acid combo

– Dichloroacetate

– Dimethylglycine

– Cysteine

• No evidence supporting use of any intervention in
mitochondrial disorders



Randomised, double-blinded, placebo-controlled
clinical trials in mitochondrial disease

Kanabus. Br J Pharmacol. 2014 Apr; 171(8): 1798–1817.
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Reactive oxygen species and their detoxification

Biochim Biophys Acta. 2015 Jun-Jul;1847(6-7):544-57



Mitochondrial diseases with specific
treatment options

Brain. 2017 Feb;140(Pt 2):e11.



Mitochondrial diseases with specific
treatment options

Mitochondrial
diseases with
spontaneous

recovery

Brain. 2017 Feb;140(Pt 2):e11.

recovery

“Benign” reversible
mitochondrial

myopathy

Acute liver failure
in infancy (TRMU)



Exercise and diet



Exercise
• Important for general fitness : exercises muscles and keeps heart and

circulation healthy

• If you become unfit can adversely affect muscles

• In many patients’ muscles there is a mixture of good and bad
mitochondria; the hope is that exercise can increase the goodmitochondria; the hope is that exercise can increase the good
mitochondria, boosting the level of ATP so avoiding symptoms

• This remains a theory and there are large trials looking at this idea

• Current advice is to exercise regularly at a level that is comfortable,
but without pushing yourself to the point that the muscles become
painful



Dietary modification
• Ketogenic (high fat / low carbohydrate) diet:

promotes formation of ketone bodies (via FAO)

• Ketone bodies:

– Alternative energy source for brain, heart and muscle

– Associated with OXPHOS gene expression (akin to– Associated with OXPHOS gene expression (akin to
starvation)

– Possibly stimulate mitochondrial biogenesis

• No randomized, double-blinded trial data

• PDH deficiency

• Seizures

• Dietetic supervision!



Health surveillance and monitoring



Clinical variability

Stroke / Seizures
Developmental Delay
Movement Disorders

Respiratory Failure

Cardiomyopathy
Conduction Defects

Liver /
Renal
Failure
Dysphagia

Ptosis
Optic Atrophy
Retinitis Pigmentosa
Cataracts

Diabetes

Fatigue
Myopathy

Exercise intolerance

Peripheral
neuropathy

Deafness

Short stature
Marrow Failure

Dysphagia
Gut
dysmotility

Hypothyroidism



Surveillance enables early treatment

Hearing aids

AEDs
Botox and drugs
Tendon release
DBS

Ventilator
supportDrugs

PPM
ICD
Ablation
Transplant

Dietician
SALT
PEG
Laxatives

Photocoagulation
Ptosis surgery
Eyelid props
Cataract surgery
Prisms

Diet
Drugs
Insulin
Enzymes

CoQ10/exercise
PT/OT/exercise

Energy conservation

Foot care
Orthotics
Surgery

Hearing aids
Cochlear
implants

Growth hormone
Transfusion
Transplant

Laxatives
Microbiome
Dialysis
Transplant

Thyroxine
Radioiodine
Surgery



Guidelines - http://mitochondrialdisease.nhs.uk

For patients and professionals…



Emergency plans and acute management



Emergency plan



Acute management

• Education and early recognition of warning
signs:

– Nausea and vomiting

– Confusion, sleepiness or irritability– Confusion, sleepiness or irritability

– Weakness, numbness or speech problems

– Visual or hearing disturbance

– Seizures

– Severe headaches

– Sudden bowel problems



Acute management

• Seek medical attention early (GP or A&E)

• Ensure any infection treated and well hydrated

• Review medications

• Admit to hospital for:• Admit to hospital for:

– Seizure control

– Intravenous fluids (dextrose)

– Intravenous antibiotics

– Correction of acidosis



Summary
• Lots of exciting treatments in pipeline – but

let’s not forget there’s lots we can do now!

• No clear evidence from trials for current• No clear evidence from trials for current
pharmacological agents, vitamins and cofactors
– apart from specific scenarios

• Surveillance and treatment of complications
and recognition of warning signs crucial



Thank youThank you


